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The sperm antigen fertilin a/b and the integrin complex a6b1 present on the oolemma are two of the most promising
candidates to mediate gamete interaction. During growth, the plasma membrane of both hamster and mouse zona-free
oocytes acquires the capacity to fuse with acrosome-reacted sperm when oocytes reach the size of 25–30 mm in diameter,
suggesting changes in the membrane molecular composition. The present study has two aims: to determine the timing of
(1) gene expression of a6 and b1 integrins and (2) localization of these integrin subunits on the plasma membrane in
primordial germ cells and in oocytes during oogenesis. We found that both a6 and b1 genes are expressed in female germ
cells during all the stages of development analyzed, from 10.5 to 18.5 d.p.c., during oocyte growth, and in ovulated eggs. The
alternatively spliced isoform a6B is expressed from 10.5 d.p.c., whereas a6A begins to be expressed at 12.5 d.p.c., suggesting
a different role for the two variants. In situ immunodetection of a6 or b1 shows a ring of fluorescence on the female germ
cell plasma membrane for both integrins at 10.5 d.p.c., then the fluorescent signal becomes undetectable at 12.5 d.p.c. to
reappear again, this time with a patchy distribution, at 18.5 d.p.c. This pattern of localization is maintained in oocytes
isolated from newborn individuals and only when oocytes during growth reach the size of about 25–30 mm in diameter does
the fluorescence become homogenous all around the whole oocyte surface. These data, although not conclusive, support the
hypothesis of an involvement of a6 and b1 integrins in sperm–egg fusion. © 1998 Academic Press
INTRODUCTION
Sperm–egg plasma membrane fusion represents the be-
ginning of fertilization. A long list of candidate molecules
on the plasma membrane of sperm and on that of eggs have
been proposed as candidates involved in the binding and/or
fusion between male and female gametes (reviewed in
Yanagimachi, 1994; Snell and White, 1996).
The sperm antigen fertilin a/b (Primakoff et al., 1987;
Blobel et al., 1992) is one of the most promising candidates
to mediate gamete interaction. Although evidence suggests
that fertilin b has a disintegrin domain which mediates the
binding with integrin b1 (Evans et al., 1997) present on the
egg plasma membrane as an a6b1 complex (Almeida et al.,
1995), whether and how integrins a6 and b1 are involved in
sperm–egg fusion are as yet not completely understood.
In two earlier studies, we have shown that the ability of
zona pellucida-free hamster (Zuccotti et al., 1991a) and
mouse (Zuccotti et al., 1994) eggs to fuse with acrosome-
reacted sperm is acquired in the ovary of adult females
when the oocyte, during its growth, reaches the size of
25–30 mm in diameter. Before attaining this stage of matu-
ration the oocyte plasma membrane is incapable of fusion
with sperm. These data suggested that important changes
in the oolemma molecular composition occur at around the
time of acquisition of fusibility.
In the present study, we have used single-cell sensitive
RT-PCR (retrotranscriptase–polymerase chain reaction)
technology and immunocytochemistry, to further investi-
gate the possible role of integrins a6 and b1, present on the
oocyte plasma membrane, in mouse sperm–egg interaction.
The two questions that we addressed at this stage of the
research regard the timing of (1) expression of a6 and b1
genes and (2) localization of these integrins on the plasma
membrane in primordial germ cells (PGCs) and in oocytes
throughout the oogenetic process.
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MATERIALS AND METHODS
Animals and Reagents
Female and male mice of the Swiss strain (Charles River, Como,
Italy) used in this study were 2–3 and 5–6 months old, respectively.
The animals were maintained in a temperature-controlled room
with 14-h light and 10-h dark phases. All reagents were purchased
from Sigma Chemical Co. (Milan, Italy), unless otherwise stated.
Media
EDTA buffer (0.5 mM EDTA) (Monk, 1987) and M2 medium
(Fulton and Whittingam, 1978) were used for primordial germ cell
isolation and immunostaining.
Isolation of Gonads from Postimplantation
Embryos
Two females and one male of proven fertility were lodged in the
same cage until natural mating occurred. The day of the vaginal
plug was taken to be 0.5 day postcoitum (d.p.c.). Pregnant females
were sacrificed and postimplantation embryos were isolated from
the uteri on days 10.5, 12.5, 14.5, 16.5, and 18.5 p.c. Genital ridges
(10.5 d.p.c.) or gonads (12.5–18.5 d.p.c.) were isolated and incubated
in EDTA buffer for 20 min. Following incubation, gonads were
transferred in a petri dish with the bottom covered with a layer of
2% agar and gently dissected with a pair of tweezers. A total
number of five pregnant females were sacrificed for each develop-
mental stage.
Sexing of Gonads
Embryos (10.5 and 12.5 d.p.c.) were sexed by PCR of a sequence
on the Zfy-1 gene (Koopman et al., 1989). Following gonads
isolation from 10.5 and 12.5 d.p.c. embryos, the remaining somatic
part of the embryo was transferred in PBS where a sample of about
100 somatic cells in 2 ml PBS was isolated and transferred in a
0.5-ml Eppendorf tube containing 2 ml proteinase K (125 mg ml21)
and 1 ml SDS (15 mM). Samples were incubated at 37°C for 90 min
to allow proteinase K digestion, followed by 15 min at 95°C to
inactivate the enzyme and they were subsequently stored at
220°C, until PCR amplification. Gonads from 14.5–18.5 d.p.c.
embryos and newborn individuals were sexed by morphology.
Isolation of PGCs, Oogonia, and Oocytes from
Postimplantation Embryos and Newborn
Premeiotic (primordial germ cells at 10.5 d.p.c. and oogonia at
12.5 d.p.c.) and meiotic (preleptotene at 12.5 d.p.c., zygotene at
14.5 d.p.c., pachytene at 16.5 d.p.c., dyctate at 18.5 d.p.c., and
newborn) germ cells were isolated from gonads in EDTA buffer as
previously described (Monk, 1987) and were assayed for purity by
alkaline phosphatase staining (up to 14.5 d.p.c.; Chiquoine, 1954) or
by morphology at later stages (Grant et al., 1992). Germ cells were
picked up with a sterile hand-pulled glass micropipet and trans-
ferred in M2 medium supplemented with 2% BSA (bovine serum
albumin, Fraction V) or in PBS for in situ immunofluorescence
staining or RT-PCR, respectively.
Isolation of Oocytes from Adult Ovaries
Oocytes at different stages of growth were isolated from adult
ovaries as described (Zuccotti et al., 1991a, 1994), with slight
modifications. Briefly, ovaries were minced and incubated in 1 ml
BSA-free M2 medium containing 2.5% collagenase type II for 20
min at 37°C in air. M2 medium (0.5 ml) supplemented with 1%
BSA was added, and the solution was transferred to a 1.5-ml tube
and centrifuged at 88g for 2 min. The pellet was resuspended and
kept for 3 min in 1.5 ml M2 medium containing 2.4 mM EDTA,
centrifuged, resuspended in M2 medium with 2% BSA, and gently
vortexed. The cell suspension was poured into a 30-mm petri dish
and zona-free oocytes ranging from 10 to 80 mm in diameter were
collected at the bottom of the dish, rinsed three times in PBS, and
treated as for immunofluorescence or RT-PCR assays. Collagenase
type II has the property of gently removing the zona pellucida
without damaging the composition of the oolemma (for details see
Zuccotti et al., 1991b).
Collection of Ovulated Eggs
To induce superovulation, females were intraperitonealy injected
with 7.5 I.U. PMSG (pregnant mare serum gonadotropin) followed
48 h later by an injection of 7.5 I.U. hCG (human chorionic gonado-
tropin). Ovulated eggs were collected from the oviducts 15 h later,
transferred into M2 medium containing 2.5% hyaluronidase to re-
move cumulus cells, and then transferred in M2 medium containing
2.5% collagenase type II for 10 min to remove zona pellucida (Zuc-
FIG. 1. (A) Diagram of the a6 integrin gene cDNA region ampli-
fied by the RT-PCR procedure (Sutherland et al., 1993), showing
PCR product sizes of the two a6A and a6B alternatively spliced
variants; the region between Ia4 and Ia2 is alternatively spliced. (B)
PCR primers used.
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cotti et al., 1991b). Eggs were rinsed three times in fresh M2 medium
(immunoassay) or PBS (RT-PCR). Cumulus cells were used as positive
controls for both RT-PCR and immunostaining.
RT-PCR
Single oogonia or oocytes in 0.5 ml PBS were transferred at the
bottom of a 0.5-ml PCR tube containing 1.5 ml lysis buffer B [0.8%
Igepal, 5 mM DTT (BRL-Life Technologies, Italy), 1 I.U. RNAsin
(BRL-Life Technologies) in PBS], covered with 50 ml mineral oil,
and briefly centrifuged at 12,000g. Samples were stored at 220°C.
Prior to reverse transcription, samples were held at 80°C for 5 min,
in order to denature the mRNA. Samples were then transferred
immediately to ice and 2.6 ml of reverse transcription (RT) reagents
was added: 13 reverse-transcription buffer (BRL), 0.9 mM each
deoxynucleotide, 5 mM DTT (BRL), 2.25 mg random hexamers
(BRL), and 2 U RNAsin (Boerhinger–Mannheim, Italy). After 2 min
at 42°C, 40 U (0.6 ml) Superscript reverse transcriptase (BRL) was
added to samples and the reaction was run at 42°C for a further 50
min, followed by a step at 72°C for 10 min. Negative controls,
without the RT enzyme and without the added sample, were
included in all experiments. After reverse transcription, 20 ml of
PCR mixture [13 PCR buffer (Perkin–Elmer), 25 pmol each primer,
200 mM each dNTP, and 1.25 U AmpliTaq DNA polymerase
(Perkin–Elmer)] was added. Two rounds of PCR amplification were
used (nested PCR): a first-round PCR which amplified a6 or b1
together with Hprt (internal control) cDNAs in duplex; then 1 ml of
the first-round PCR was added to 24 ml reaction mixture of a
second-round PCR which amplified, using primers internal to the
amplified sequence (nested), the genes singularly. The cycle param-
eters of both first- and second-round PCRs were as follows: 2 cycles
of 93°C for 5 min, 55°C for 1 min, and 72°C for 2 min, followed by
38 cycles of 93°C for 1 min, 55°C for 1 min, 72°C for 2 min,
followed by 10 min at 72°C in an Omnygene thermocycler (Hybaid,
Cambridge, UK). To distinguish between a6A and a6B alternatively
spliced variants the second round of PCR amplification was per-
formed using the inner 59 primer (Ia3) and the outer 39 primer (Ia2):
FIG. 2. (A) Single-cell RT-PCR analyses of a6 (209 bp), b1 (170 bp), and Hprt (218 bp) gene expression in primordial germ cells, oocytes,
and ovulated eggs, isolated from embryos at different stages of postimplantation development, from newborn or from adult females,
respectively. In, integrin; H, Hprt; f are blank control samples: in 1, water was added in place of a cell; in 2, a cell is present but water was
added in place of retrotranscriptase enzyme; 3 is first PCR blank; 4 is second PCR blank. M, 1-kb molecular weight marker. (B) Schematic
representation of the results of the in situ immunodetection of a6 and b1 integrins on the plasma membrane of primordial germ cells or
oocytes during postimplantation development. Both a6 and b1 integrins were detected on the surface of germ cells at 10.5 d.p.c. (red gonads);
they disappeared at 12.5 d.p.c. (white gonads) and reappeared again later in development at 18.5 d.p.c. (red gonads).
FIG. 3. Expression of a6A (369 bp) and a6B (239 bp) in single
postimplantation and newborn oocytes, ovulated eggs, and fibro-
blast cells. NB, newborn; f are blank control samples: in 2, water
was added in place of a cell; in 3, a cell is present but water was
added in place of the retrotranscriptase enzyme; 4 is second PCR
blank. M, 1-kb molecular weight marker.
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the region between primer Ia4 and Ia2 is alternatively spliced (Fig.
1A). The primers used are listed in Fig. 1B. Mouse skin fibroblasts,
cultured for a period of 5 days in a-MEM (GIBCO) supplemented
with 20% FCS at 37°C in 5% CO2 in air, were used as positive
controls of a6A, a6B, and b1 expression. Following standard
trypsinization, cells were resuspended in PBS, transferred in groups
of three into 0.5-ml PCR tubes containing lysis buffer B, and treated
as described above for germ cells.
Gel Electrophoresis
Twenty microliters of PCR product was mixed with 2 ml loading
buffer and run on a 2.5% agarose gel containing 2 mg ethidium
bromide/ml. Polaroid (665) photographs were taken under UV light.
To confirm identity of a6 and b1 amplified sequences, two products
of PCR amplification per gene were sequenced (S. Raffaele Hospi-
tal, Milan, Italy).
In Situ Immunofluorescence Detection of a6 and b1
Integrin Subunits
Groups of 10–20 germ cells isolated from gonads at different
stages of postimplantation development from newborn or ovulated
oocytes were incubated (with or without prior fixation in 3%
paraformaldehyde) for 15 min in 30 ml M2 medium supplemented
with 1% fetal calf serum (FCS), into an incubation chamber, in
order to block immunoglobulin-aspecific binding. The incubation
chamber was appropriately designed by us as follows: a square piece
of 1 3 1-cm water-repellent electrical tape was pierced in the
center, in order to create a hole of 5 mm in diameter; the tape was
stuck on a slide and medium poured into the well with a Gilson
pipetman. The water-repellent characteristics of this tape have the
advantage of maintaining the cupola-shaped drop of medium inside
the well. Using a micropipet with an inner diameter smaller than
the germ cell diameter, M2 medium was replaced with M2 con-
taining 2.5 mg/ml of either anti-a6 (rat anti-human CD 49f, clone
GoH3; Serotec, Oxford, UK) or anti-b1 (purified anti-mouse CD29,
Pharmingen) integrin subunit primary antibody and germ cells
were incubated for 45 min at 37°C. The antibody we employed for
a6 was unable to distinguish between the two isoforms A and B.
Cells were rinsed by three consecutive replacements of M2 me-
dium supplemented with 1% FCS, followed by a step of 30 min in
M2 medium containing 1.3 mg/ml sheep anti-rat IgG FITC (fluo-
rescein isothiocyanate)-conjugated secondary antibody (Serotec).
Again, cells were rinsed three times (10 min each) in M2 medium
containing FCS and, after removing the tape (fixed samples), they
were mounted in antifading agent (DABCO) with a coverslip.
Unfixed samples were simply mounted with a coverslip placed over
the tape. Negative controls (treated with 2.5 mg/ml normal rat IgG)
were included in all experiments. Slides were observed with an
Axioplan fluorescence microscope (Zeiss) equipped with 103 eye-
pieces, 403 (for oocytes from adult ovaries and ovulated oocytes)
and 633 (for embryonic oocytes) plan-Neofluar objectives, and an
additional 1.253 lens. FITC filters were Zeiss filterset 09. Micro-
photographs were taken with HP5 Plus 400 ASA (Ilford, UK) films.
RESULTS AND DISCUSSION
a6 and b1 Gene Expression
a6 and b1 subunits are always coupled together to form
the a6b1 complex on the egg plasma membrane (Sutherland
et al., 1993; Almeida et al., 1995). In this study we have
carefully analyzed the timing of expression and plasma
membrane localization of both a6 and b1 integrins during
both embryonic and adult stages of the oogenetic process.
Using cultured fibroblast cells or follicle cells isolated
from ovulated eggs, our RT-PCR procedure was refined to
detect transcripts in single cells and only when the assay
was sensitive enough was it used for the analysis of gene
expression in single germ cells. Some of the germ cells
isolated from 10.5 and 12.5 d.p.c. postimplantation embryos
were used for RT-PCR analysis, while others were laid on a
slide and assayed for purity by alkaline phosphatase stain-
ing. Germ cell purity was estimated to be 96–97%. Follow-
ing germ cell isolation, the somatic part of 10.5 and
12.5 d.p.c. embryos was sexed (data not shown) and only
samples containing the corresponding female germ cells
were further analyzed by RT-PCR procedures. PCR ampli-
fication of a6 or b1 cDNAs together with Hprt cDNA as
positive control was obtained following a nested-primer
strategy (see Materials and Methods and Fig. 1).
The single-cell RT-PCR we designed detected the pres-
ence of transcripts of both a6 and b1 genes together with
that of the housekeeping Hprt gene, in all the stages of germ
cell differentiation analyzed: from 10.5 d.p.c. PGCs and,
throughout oogenesis, to ovulated eggs (Fig. 2A). At least
five samples were analyzed for each stage of development.
Sequencing of the PCR products confirmed that the ampli-
fied sequences were those of a6 and b1 genes in the expected
regions (data not shown).
Very interesting data were obtained when the expression
of a6 alternatively spliced isoforms was analyzed. We de-
signed an eminested PCR capable of detecting the presence
of two variants of the a6 gene (Fig. 1). Strikingly, transcripts
of the a6A subunit were absent in PGCs at 10.5 d.p.c.
embryos, but became detectable in oogonia and prelepto-
tene oocytes at 12.5 d.p.c. (Fig. 3). On the contrary, the
FIG. 4. a6 and b1 integrin subunits were detected on the plasma membrane of oocytes isolated from postimplantation embryos by in situ
immunodetection with primary antibodies followed by a treatment with FITC-conjugated secondary antibodies. 10.5 d.p.c. germ cells were
positive to both a6 and b1 antibodies. Strikingly, oocytes isolated from gonads comprised between 12.5 (compare phase-contrast with
fluorescence micrographs of the same oocytes) and 16.5 d.p.c. were negative to both a6 and b1 antibody reactions. Oocyte surfaces appeared
fluorescent again, with a patchy distribution, when they were isolated from 18.5 d.p.c. embryos. Black arrows indicate phase-contrast
micrographs of follicle cells which are used as positive controls to the immunostaining assay (see white arrows). Magnification, 31200.
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isoform a6B was detected beginning from 10.5 d.p.c. (very
light but clear band) with the intensity of PCR amplifica-
tion bands always being higher than that of the a6A isoform
(Fig. 3).
The different timing of a6A and a6B expression suggests
a different function for the two subunits, which was earlier
indicated for other morphogenetic events in mouse postim-
plantation development (Thorsteinsdottir et al., 1995). Pre-
vious studies (Hierck et al., 1993; Sutherland et al., 1993)
have shown that a6B is expressed already in preimplanta-
tion embryos, but a6A begins to be expressed only at the
time of implantation in the extraembryonic lineage. Inte-
grins are widely involved, thanks to their essential role in
cell–cell and cell–matrix interactions, in cell migration.
Perhaps a6A is not required during germ cell migration
which begins in postimplantation development at 7.5 d.p.c.
and is concluded at the time of meiosis onset, in 12.5 d.p.c.
embryos, when the isoform is once again detected. Al-
though the PCR assay we developed was not strictly quan-
titative, we could always observe, in separate experiments,
an increase of the integrin band on the electrophoresis
agarose gel during development: from a very weak band in
oogonia and preleptotene oocytes at 12.5 d.p.c. to a more
consistent band in dyctate oocytes at 18.5 d.p.c. (Fig. 3).
In Situ Immunofluorescence
Both a6 and b1 subunits showed a similar pattern of
immunofluorescence, as summarized in the illustrations in
Fig. 2B.
The plasma membrane of PGCs was strongly positive to
the antibodies used for both a6 and b1 integrins, showing a
uniform fluorescent signal all around the cell surface (10.5
d.p.c.; Fig. 4). On the contrary, the cell surface of both
oogonia and preleptotene oocytes (12.5 d.p.c.; Fig. 4) and
that of zygotene oocytes (14.5 d.p.c.; Fig. 4) resulted com-
pletely negative to the antibodies specific for both integrins.
Only when the oocyte reached the pachytene stage (18.5
d.p.c.; Fig. 4) did a number of fluorescent spots distributed
with a patchy pattern become visible on the oolemma. This
pattern of distribution of integrins a6 and b1 remained
identical until germ cells reached the dyctate stage of
oocytes isolated from newborn females. Next, we analyzed
the localization of these integrins in growing oocytes during
folliculogenesis, from primordial follicles (10 mm in diam-
eter) to antral follicles (70 mm in diameter), and in ovulated
oocytes. Small oocytes (10 to 20 mm in diameter) main-
tained a patchy pattern of distribution of both a6 and b1,
similar to that of oocytes of earlier stages of differentiation,
although the total number of fluorescent spots seemed to
decrease. An identical pattern of integrin distribution was
recorded for oocytes (10 to 20 mm in diameter) isolated from
ovaries of 1-week-old females. When during growth oocytes
reached the size of 25–30 mm in diameter, the localization
of both a6 and b1 integrins became homogeneous and
uniform around the whole cell surface (Fig. 5) and main-
tained this pattern of distribution until oocytes reached the
antral compartment.
Our data suggest that both a6 and b1 integrin genes are
uninterruptedly transcribed during oogenesis (Fig. 2A), but
due to the very high sensitivity of the PCR assay designed,
we cannot exclude that gene transcription may cease (tran-
scriptional regulation), even though the presence of tran-
scripts remaining in the cytoplasm may be detected with
the assay employed. If it is true that both genes are
expressed continuously, and the translation of their tran-
scripts ceases after 10.5 d.p.c., as shown by the lack of in
situ immunostaining on the plasma membrane of oocytes
from 12.5 to 16.5 d.p.c. embryos (Fig. 3B), then we can
hypothesize a posttranscriptional regulation.
In earlier studies (Zuccotti et al., 1991a, 1994) we have
shown that both hamster and mouse oolemmae acquire the
capability to fuse with acrosome-reacted sperm when the
oocytes reach the size of 25–30 mm in diameter. The
correlation between the timing of acquisition of fusibility
and that of uniform distribution of both a6 and b1 integrins
around the oocyte surface supports the idea of an involve-
ment of these integrins in sperm–egg fusion. If so, clearly
the uniform distribution of the two integrins of the a6b1
complex is very important in order for fusion to occur.
Whether both integrins of the a6b1 complex are involved in
sperm–egg fusion or whether they play different roles, it is as
yet not clear. Earlier studies (Almeida et al., 1995) have shown
that when zona-free oocytes were treated with anti-a6 anti-
body, the fusibility of the oolemma was significantly affected
and it became totally unpermeable to sperm at high antibody
concentrations; on the contrary, the use of anti-b1 antibody
had no effect on sperm–egg fusion. We repeated these experi-
ments and confirmed the results (data not shown). Perhaps,
one of the two integrins or, alternatively, other integrins or
integrin complexes present on the egg surface (Snell and
White, 1996) play an important role in sperm–egg binding and
the other is more involved in the fusion process. In fact, a
recent work has show that fertilin b on mouse sperm plasma
membrane has a disintegrin domain which mediates the
binding with integrin b1 (Evans et al., 1997).
Ovulated oocytes retained the same a6 and b1 integrins
distribution described for growing oocytes, with the excep-
FIG. 5. In situ immunodetection of a6 and b1 integrin subunits on the plasma membrane of oocytes isolated from newborn and adult
females. The patchy distribution of fluorescence around the oocyte surface described in oocytes from 18.5 d.p.c. embryos is maintained in
newborn oocytes and in growing oocytes until they reach the size of 25–30 mm in diameter. At this stage, a ring of fluorescence uniformly
surrounds the oocyte plasma membrane, and its intensity increases with oocyte growth and reaches its maximum in antral oocytes (70–80
mm in diameter). Newborn and 10- to 20-mm-diameter oocytes, 31200; oocytes $25 mm in diameter, 3750.
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tion of a region of about 30–40% of the oocyte surface
surrounding the area of second polar body expulsion which
was negative to both a6 and b1 fluorescent antibodies,
confirming data previously reported (Tarone et al., 1993;
Almeida et al., 1995). These results also support the idea of
an active participation of integrins a6 and b1 in sperm–egg
interaction. In fact, sperm–egg fusion never occurs around
the polar body (Yanagimachi, 1994), an area where the
plasma membrane is deficient of microvilli, likely having a
different molecular composition and presumably lacking
those receptors involved in sperm–egg fusion.
This study, although not conclusive on the involvement
of a6b1 complex in sperm–egg fusion, provides a solid basis
on the kinetics of expression and localization of the two
integrin subunits during oogenesis and is essential for
subsequent research in the field. The further and more clear
identification of the role played by the a6b1 complex in
sperm–egg interaction will lead to the elaboration of new
strategies for fertility control and infertility treatment and
our study provides solid ground on information necessary
for the development of these new approaches.
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